
B 4zcceprarlrroHHbrfi coeer

A24.2.315.05 na 6ase O|EOY BO

<<Kenaeponcrcufi rocyAapcreeHHrrfi

yHuBepcuTeT)

r'. KenaepoBo, yJr. Kpacnax,6

OT3bIB

o$nqna.nbHoro o[rroneHTa,

AoKTopa rexHrrr{ecKux HayK, upoSeccopa, Kopxr{KlrHa Bna4urraupa llerpoauua,

Ha Ar4cceprarlrroHHyro pa6oryMnnnep ErarepnHu CepreeBHbr Ha reMy

<<ConepureHcrBoBaHr{e npoqecca crpyKTypoo6pa:oaanufl MHoroKoMrroHeHTHbrx

r4HcraHT-HanurKoB B rpaHynzpoBaHHoM BHAe), upeAcraBJreHnofr Ha cozcKaHrae yrenofi

crerreHri KaHAlrAara rexH[r{ecKrfx HayK rro c[erlu€rrrbHocrn 4.3.3.tluuleBbrecr4creMbr

Arcrya.irrnocrb reMbr A r{cceprarlrrouHoro uccJreAoBanufl

C raxArrM roAoM HeyKnoHHo pacrer pa:uoo6pa3lre [peAJraraeMbrx Harrr{TKoB.

Ha pbIHoK nplaxopT HoBbre npolr3BoAvrTeIrvr, ilpr4 groM crapbre, KoTopbre yxe

3aBoeB€urlr AoBepve norpe6nreJrr, Jrr4rrrb ra3pe.qKa BbrrrycKaror oplrrnHairbHbre HoBprHKrl,

,rrorroJrHqfl accoprvnuenrHufi px4. flo Mepe pocra pbrHKa yBenuquBaercfi KoHKypeHr{trr,

Koropat crLTMynupyer 6opr6y 3a norpe6lrrerx, TeM caMhrM MorrrBrrpyt

npor43BoAureneit K HoBbrM perrreHr4rM, ycoBeprueHcrBoBaHr4ro rexHolorzfi,

o6ecue.reHlrro BbrcoKoro KarrecrBa flpoAyKql,rlr,'rrocrorHHoMy pa3BlrrLrro.

I4ncranr-HaTILITKI4 na6uparor Bce 6omruyro [o[ynflpHocrb, BHeAprrorcr B

rloBceAHennufi paIII4oH HaceJreHlr.f, 6raro4apx 6rrcrpouy [pr4roroBJrenrrro,

AJII4TeJIbHOMy, CpOKy XpaHeHHt. COAep)KaHUrO HaTyp€UrbHbrX KOHr{eHTpaTOB

pacrureJrbHoro cbrpb-a. fpanyrnpoBaHH€ttr Soprraa HarrurKarro.qpa3yMeBaer

paBHoMepHoe pacrpeAeJreHpre peqeflTypHbrx KoMrroHeHToB B rpaHyJrax, Arrfl ]rero



Heo6xoAlIM rlocro.trHHbrfi KoHTponb {parrynoMerpnqecKoro cocraBa u KoruqecrBa

IrblneBuAHofi Sparqzn. B nporHBHoM cnfrae [puroroBJreHlre Hafr]rrKa, coAepx(arqero

3aAaHHbIe npol]opquu peqe[TypHbrx KoMuoHeHToB, cTaHoBlrrcr HeBo3Mox(HbrM.

ocHoBHbIe BhrBoAbr, crLIcoK nllTeparyprr, Koroprrfi nacqurbrBaer 144 lr'auvreHoBaHkrt

(30 pr3 HIIX Ha HHocrpaHHoM xsure), npunox(eHr4f,. Pa6ora unnrocrprrpoBaHa 52

prrcyHKaMu u 7 ra6tugatau. Crpyxrypa ra o$opMneHne Arrcceprarlnonnofi pa6oru

coorBercrByer rpe6onaHlaxu |OCT P 7.0.11?2011 <,{ucceprar\r4fi *r amopeSepar

ALr cceprarluu. CrpyKTypa r4 rrpaBuna oSoprvrleHur).

Bo eeedeuuu o6ocHoBaHa aKTy€ulbHocm nrr6pannofi TeMbr, onpeAengHbr rleJrb,

3alla'ru, o6tem u npeAMer I4ccJreAoBanvrfl, cfiopuyrrapoBaHa Ha) rHar HoBu3Ha Lr

[paKTLIqecKat 3HaquMocTb; ooo3HaqeH6r Ha) rHbre rroJro)KeHlrr pr pe3yJrbTaTbr

prccneAoB auui1 BhrHocprMbre Ha 3arrlLrry.

B zna6e lonncanrr ocHoBbr u cuoco6rr rpaHynupoBaHur fionlrAucnepcHbrx

AXfl IlonyqeHur rpaHyJr oKaTbrBaHLreM krcuecefi, paccMorpeHFr o6opygonaHue

Bo3MoxtHble [yrl4 rIoBbIrueHI4{ s$SercrunHocrrr ero pa6orrr, a raKxe ocHoBHbre

rloJloxteuLrs, cLrcreMHoro rIoAXoAa B opraHu3arlvn rexHoJrorlrqecKlrx nunuit. AHarras

Jll{TeparypHo-rlareHTHoro o6sopa AaJr ocHoBaHr{e Anr [ocraHoBKr{ rlenu v 3aAaq

I4CCJIeAOBaHnfl,.

B ena6e 2npegcraBJleHbl cxeMa, o6rerctrt, MeroAbr LrccneAoBanuito orIeHKa

TOqHOCTLT H3MepeHr,rr4 rIpV OlpeAeneHur4 TexHoJroruqecKux

MexaHuqecKux ceoftcrs uccneAyeuux o6reKToB.

Bnn4y BbrIIrecK€L3aHHoro Aucceprarlr4oHHar pa6ora Munnep Erarepunu

CepreeeHrr, qenb roropofi 3aKrlotl€ulacb B coBeplueHcrBoBaHr4l{ vr Haf{HoM

ooocHoBaHllr{ [poqecca rpaHyJrrrpoBaEnfl MHofoKoM[oHeHTHbrxr4HcTaHT-Hanr.rTKoB B

lpaHynrropax TapenbqaTofo Tvrlra, ooecuequBaroIIIero CTaOIIIJIbHbII4

rpaHynoMerpuqecKnfi cocrae roroBoro npoAyKTa, rBJrrercx axryalrHofi .

Crpyrrypa n o6reM AncceprarlrroHHofi pa6oru

[raccepraldlloHHat pa6ora Mrarnep E.C. coaepxorr BBeAeHue, qerbrpe HraBEr,

crpyKrypHo-



B znaee 3upoaHaru43npoBaHrr csoftcrBa KpaxMana KaproSenrnoro u ero cuecefi

c rvro4H$uqllpoBaHHblM pucoBblM B pa3nLIqHbIX coorHorleHrrrx,c[oco6u rro.{aqu

xorAKoro cBf,3yroulero, a raKxe rpoqecc crpyKTypoo6pa:oaanurs. B TapenbqaroM

fpaHyn.f,Tope c aKTI4BaToPoM, LI onpeAeJIeHbI pexorMHo-TexHoJrorHrrecKrre napaMeTpbr,

BJrLrrrouIEe Ha rlpoqecc. B peryruTare rlero [onf{eHbr perpeccr4onnbre ypaBHeulrf,,

aAeKBarHo orpax(aroulLTe crerreHb Brrvtfllavrfl. Kax(Aoro Lr3 rrapaMerpoB. Enaro4apx

o6pa6orre sKcneplrMeHT€LrrbHbrx AaHHbrxonpeAeneHbr parluoH€rlbHbre 3HaqeHr4t

HCCneAyeMbIX [apaMeTpoB 14 IIOI) IeHa MaTeMaTI{tIeCKat MOAeJIb Ha[pf,XeH]IU,

4eficreyroqr{x B 3oHe pa6oru aKTrrBaropa.

B erq6e 4npune4enrr pe3ynbrarbr rrccneAoBarruit peoirorruecKr4x csoficrs

Ha[r4TKa B rrplrroroBJreHuoM Br4Ae, Susnro-naexaHuqecrux csoficrB rpaHyJr roroBoro

npoAyKTa, aHurld3 KoTopbrx ooocHoBbrBaeT Bbroop orrTllM€LrrbHoro cooTHoruelJus. cMecH

KpaxManoB. flpegcrawreHa ycoBeprueHcrBoBaHHar rexHoJrorprqecKa.f, cr4creMa

uonf{eHr4fl HarIHTKa, IleJlocrHocrb roropofi orpoKaercr Ha Ar{alpaMMe [poqecca

pa3Bzrrzrfl, a raKxe o6osHa.reHbl npeuMylrlecrBa or ee BHeApeHHr B [poMbrrrrJreHHbrx

YCJIOBH'X

Taruu o6pa:ovr, aBropy Ar4ccepraquoHnofi pa6oru yAanocb orpa3lrrb

HeAocrarKrr rpoqecca crpyKrypoo6pa:oBaHlrr B rpaHynf,ropax rapenbqarolo rlrna Lr

o6ocnoearr NOIVTIEHI,{E rpaHyn 3a.rlaHHOfO KaqecTBa cTa0I{nbHoro

rpaHynoMerpllqecKoro cocraBa nocpeAcrBoM BHeApeHurr paspadorannofi KoHcrpyKrlulr

I.I BHECEHI'I' AOIOJIHHTEJIbHO|O KOMNOHEHTA PEqENTYPbI B BPIAC TVTO4U$UqI4POBAHHO|O

plrcoBofo KpaxMzua [prr [poH3BoAcTBe uHcTaHT-HarruTKoB Ha ocHoBe frnoAoBo-

rfoAHofo cbrpbr.

Creuenu o6ocnosaHHocru HayqHblx rroJroxeH ufi , nsr eoAoB rr peKoMeH ilauuit,

c$opruy.nrpoBaHHbrx B Arrcceprarlrn

flocranlreHuat aBTopoM llenb AocrurHyra, 3a4a'ev Arrcceprarluonsofi pa6our

pelueHbl. Orpaxeunrre B BbIBoAax Haln{Hhre [oJro)KeHu.rr H ocHoBHhre pe3ynbrarbr

UMEIOT ,trOCTATOIIHOC TeopeTEqecKoe ooocHoBaHr4e SKCIIepLr MeHT€uIbHO



rroATBep)KAeHbI. OcnoeHrre [oJrox(eHvfl Avcaeprar{HLr ony6ruroBaHbrB 22 ne.tarlestx

pa6orax, cpeilu Koropblx I cramqe )KypH€ure, HHAeKcprpyeMoM e 6a3ax AaHHbrx Scopus,

7 crareir n pe$epHpyeMblx )KypHarlax, BxoArrqLrx B uepeqeHb BAK, 3 narenra Ha

nso6pereHux, 11 crarefi B TpyAaxMe)KAyHapoAHEDq Poccnficxrar 14 peruoH€rrrbHbD(

xoHSepenqnfi.

flocronepHosrb rr Hayrruafl HoBu3Ha

Brrnocnvrrre Ha 3aIrILITy rorox(eHpr.f, vr BbrBoAbr, c@opvrynnpoBaHubre B

.qnccepraquonnofi pa6ore, rorr4rrecKr4 BbrreKaror yr3 pe3yJrbraroB trccJreAoBauuit,

xopoluo aprylvreHTkrpoBaHbl vI He Bbr3brBaK)T coMHeHLrH B AocToBepHocTLl, qTo

rroATBep)K4aercs, uc[oJrb3oBaHueM coBpeMeHHbrx MeroAoB rrccJreAoBaHrr.rr z o6pa6orrn

3KcrreplrMeHT€IJrbHbrx AaHHrIX, o6cyx4enueu pe3ynbraroB pa6oru Ha Ha) {Ho-

[paKTr4rrecKrrx xonfi epeHrlr{.fl x Bc epoccufi croro H Me)KAyHapoAHoro ypoBHfl .

lNccepraqlaoHHar pa6ora l4Meer oJreMeHrhr uayruofi HoBLr3Hbr no nyHKTatt 20 u

24 nacnopra Haf{Hofi cneqraurlrbHocrlr BAK 4 .3 .3 lftaulenrre cr{creMbr.

B xoAe Aucceprar{LroHHoro uccne,qoB annlas;

- ycraHoBJleHbr 3aBnclrMocrkr Me)KAy cpeAHeMoAanbHbrM pa3MepoM rrolr{aeMbrx

qacrLIII, [poqHocrblo Ha ncrupanue u crarr4qecrofi [porrHocrbro, [opr4crocrbro u

pe)KpIMHbrMtr, KoHcTpyKTLIBHIIMI4 [apaMerpaMv rrpoqecca crpyKTypoo6pa:oaalalafl

MHO|OKOMTIOHeHTHbIX [OnLIALIC[epCHbrX fpaHynr4poBaHHbrx HHCTaHT-HaTTHTKOB B

TapenbqaroMrpaHyntrope Hoeofi KoHcrpyKrlurr c 4o6annenlreM pucoBoro ripaxMaJra;

BbLaBJIeHa 3aBI,IclIMocrb crpyKTypHo-MexaHlrqecKlrx cnoficre roroBoro

rpoAyKTa or KoJII{rIecrBeHHoro coorHorueHlrr cbrrrfrux crpyKTypoo6pa:yroqux

KOMIIOH€HTOB B CMeCIit;

- olpeAeJIeHbI paIIHoH€rJIbHbre napaMerpbr [poqecca, o[peAeJreHbr y.qenbHbre

sHepro3arparbl Ha rIpoBeAeHLIe npoqecca crpyKTypoo6pa:onaHurfl, rpaHyirrra B

TapenbrlaroMrpaHynrrope Hosofi KoHcrpyKrlrlu, rroJrfreHa MareMarr{qecKar MoAeJrb,

o[I,ICbIBaIOqat Hanptx{eHlre, 4eficrnyroqee Ha Jrouacrb B 30He pa60ru aKTprBaropa;



ycraHoBneH ypoBeHb craounbHocrr4 Lr rlenocrHocrr{ pa3pa6oraHHoro

TexHoJlorldrlecKoro tloroKa upu BHeApeHLrr4 HoBoro amraparypHoro o$opnueHrar

rroAcncreMbr noJrfr eHvfl uoly$a6p uKuta;

- pa3paooraH cnocoo nonr{elJ*rfl LrHcraHT-[poAyKToB Ha ocHoBe KoHrIeHTparoB

rno,qoBo-.aroAHbrx coKoB c Ao6aereHueM pr{coBoro KpaxMarra (narenr P@ }lb 2608729).

TeoperuvecKaf, 3HaqnMocrb Arrcceprarluonnofi pa6oru 3aKnroqaercr B

yfJryoneHlrrr 3HaHuLr B Borrpocax crpyKTypoo6pa:or ankrfl, MHoroKoMrroHeHTHbrx

rloJrklAucnepcHbrx uHcraHT-HaTIHTKoB B rpaHynupoBaHHoM BLrAe c 4o6aeleHuerra

pl4coBoro KpaxMEt"Jra flpu laclroJlb3oBaHkru roivr6raHupoBaHHoro cnoco6a

afJroMepr4poBaHlnr.

IlparcruuecKafl 3HaqrrMocrr padoru

flpe4noxenHoe arlaparypnoe oSopMJreHrre craqur4 crpyKrypoo6pa^:onankrs B

IrprHuu [poI43BoAcTBa MHOTOKOMTIOHeHTHbTX HHCTaHT-HarrrrTKOBC r4CrrOnb3OBaHLreM

nnoAoBo-sroAHoro cblpbt I{Meer rrpoMbrrxnqHHyro aupo6aqnro Ha OOO HIIO

<34oponoe [uraHr4e>, rrro rro3BoJlr{Jro cHpr3r4Tb 3Hepro3aTpaTbr, ynyqmr,rTb

rrpoAyKrlnrr, cHlr3zTb Kor{qecTBoKaqecrBeHHbre xapaKTepvcrr4Kvr roroeoft

HeKOHAr4qprOHHbrX fpaHyn.

IIonyreHHhIe pe3ynbrarbl Auccepraquosnofi pa6orrr 3arrluqeHbr rrareHTaMra Ha

raso6perenue P(D J\b 2340383 u }lb 2583817. u BHeApeHbr a yre6nufi upoqecc Ant

ooyqarcuuxc-f, IIo HarpaBneHr4a Marlrcrparypbr 15.04.02

<<Texnolon4qecKl,Ie MaIITI4HII u o6opy4oBaH?re>) a KervrepoBcKoM rocyAapcrBeHHoM

yHplBepcuTeTe rIpI{ BIITIOJIHeHLII{ BbInycKHbIX rna-rrn$nrarlr4oHHbrx pa6or.

3alreqaHlrq

Hapx4y c ilplrBeAeHnofi BbIIIre noJlox&rrenrsofi oqeHrcofi neo6xo4lrMo orMerprrb

HeKoropble 3aMeqauus. 14 npeAnox(envfr) Bo3HraKrrrne npu Lr3y{eHHLr AlrccepraquonHofi

cryAeHroB,

pa6orrr:



1.8 Avrccepralllztv orcyrcrByer gKouoMr4qecKar orIeHKa pa3pa6oraHnofi

TexHoJrofvIvr, B cBfl3u c rreM He coBceM rcHbl fIepcrreKTI4BbI ee AalrbHeLluero pa3BrrTplt.

2. llony.reulle 6onee rIJrorHbIX lpaHyn, ycrofiuunbrx K vtcrkrpa:avrlo, He rrprrBeAer

K rroTepe nopucTocTra pI yxyArrreHr{ro pacTBope lrtus?

3. floqeuy o[eplapyere noHtrfleM (pacnaAaeMocrb>), a He (pacrBopeHrre)>, c qeM

gro cggsaHo?

4. B pa:aer-e 4.1 uAer peqb o6 o6pa6orKe pe3yirbraroB npn roMoruu rporpaMMbr

I4.4. Jlurnranonofi, He coBceM rcHo, qro 3To 3a rrporpaMMa.

5. B 4nccepralluu cneAoBturo [peAcraBlrrb 3narreHlrr cra6Hnrnocrrr noAcprcreM

TexHoJIOfI4rIeCKOfO rrOTOKa rrpOLt3BOACTBa HHCTaHT-HaILITKOB Vt OTprBr{Tb pacr{eT

ypoBHf IIenocTLI Ao BHeApela.lzfl HOBOIO anlapaTypHofo osoprranenufl Arrfl Bo3Mo)KHocTra

corrocTaBJleHufl nonyqaeMblx 3HaqeHllr,r.

6. He upe.qcraBJleHhl pe3yJrbrarbl rIccJIeAoB allrfi. BJrkrflHkrfl Bapbr4pyeMbrx

rrapaMeTpoB Ha HacbrrrHyro rrJroTHocTb rpaHyJr.

7. Cre4onaro [peAcraBLITb AaHHbre o roM, KaK perpeccuoHHar MoAenb

fpaHyJloo6pa:onauutr Macrrrraiupyerc.f, Ha 6omgrr4e pa3Mepbr pr MorrlHocrlr.

Heciraorpfl Ha npvrBeAeHHble 3aMeqaHkrr, o6nqyro orIeHKy trccJreAoBasuit r.r reKcra

AucceprarluosHofi pa6orrr cJreAyer crrlrrarb noJroxlrrelrnofi .

3arc"rrroqeulre

[ltccepraquounafl pa6ora Munnep Erarepnnrr CepreeeHbr (CoBeprueHcrBoBaHue

rpoqecca crpyKrypoo6pasonarrvn MHOTOKOMIIOHCHTHbIX PIHCTAHT.HAIII4TKOB B

IparrynupoBaHHoM BLrAe>, B KOTOpOH HA OCHOBaHUH rrpOBeAeHHbrX aBTOpOM

HccneAoBauuir o6ouroeanrt [apaMerpbl BeAeHra.s rpoqecca crpyKrypoo6pa^:onanvt

MHoTOKOMIOHeHTHIIX nOlu4ucnepCHbD( LIHcTaHT-HaIILITKOB C Ao6aereHrleM pr4coBoro

KpaxMarla rrpu I4cnoJlb3oBanuv rona6unupoBaHHoro cnoco6a arnoMeprapoBaHr4rr,

npeAcraBJuler co6oft saroH.IeHHrrfi nayruuft TpyA c r43Jrox(eHHbrMlr Ha) rHo

o6ocnoeaHHbIMI,I TexHoJlorlrrrecKlrMu vr KoHcrpyKTLrBHbrMLr peureHu.f,Mlr, o6laAaer

uayrnofi HoslasHoft pr [paKTruecrcoft 3HaqprMocrbro. Marepuanrr A]rcceprarluonnofi



pa6oru aKTy€ulbHhr, ux nHd4peHze B npoMhrrmeHHoe npor43BoAcrBo no3BoJurer yJrfrmrrrb

o6ecue.reHue HaceJIeHLIg BbIcoKoKaqecrBeHHbrMLr c6anaHcupoBaHHbrMlr Ha[rlTKaMrr B

ycnoBr,rx Cu6upu.

Aerope$epar vr ny6rurxaquu cooTBeTcTByrcT ocHoBHoMy COAepXaHrrro

3arrIHTe AucceprarlrroHHar pa6ora HaAuccepTarluu. flpe4craureHH€ur

renay<CoBeprrreHcrBoBaHlle [poqecca crpyKTypoo6pasonanvfl MHoroKoMrroHeHTHbrx

HHcTaHT-HanLITKoB B rpaHynupoBaHHoM BHAe) cooTBeTcTByeT rpe6Onauu.{Nr BAK, a ee

aBTop Munlep Er<arepuna CepreeBHa3acJrlDKprBaer npucy)KAenkrfl yrenofi creleHra

Kanr4vl:ara rexHI4qecKLIX HayK no cnequ€urbHocrrr 4.3.3 flulqenrre cucreMbr.

OSNqua;runufi orrroHenT:

npofieccop rca$eapbr MaruuHocrpoeHun,

AOKTOp rexHr4lrecKr.D( HayK, npOseCCOp,

OfEOy BO <Opnoscrrfi rocyAapcrseHHnfi

yHl4BepcHrer uM. 14.C. Typreneaa>> {->{4&rqKr4H Bna4rarvrup flerponuu

7 utous.2023 r. ( /
<<Ilo4uucr B.fI. KopxnxnHa

llpoperrop no

,UCqTEJIbHO CTVI U ATTECTAIILII4 Pa4.renro Ceprefi lOprenru


